AD710800

FINAL REPORT

INVESTIGATION OF HORIZONTAL ION DENSITY
GIADIENTS IN THE ATMOSPHERE

Contract NOnr 4969(00)

i AUG 27 W

Uit U S
o

R Joced by the
CLEARINGHOUSE
g [ .l .

Informat Springheld Vo 2215

W e — -




BEST
AVAILABLE COPY

¥



IM8C/L-39-70-1

FINAL REFORT

INVESTIGATION OF HORIZONTAL ION DENSITY
GRADIENTS IN THE ATNOSFHLRE

For Period
15 July 1965 through 29 May 1970

G. W. Bharp

R. D. Sharp
R. G. Johnson

This research vas supported by the Advanced

Resenrch Projects Agency (ARPA Order 215) and
vas conducted under Office of Naval Research
Contract NOnr 4969(00), Task No. 321-009.

This document has been approved for pudblic re-
lease and sale; its distridution is unlimited.

Lockheed Palo Alto Research ladoratory
LOCKHEED MISSIIES & SPACE COMPANY
Palo Alto, California



TABLE OF CONTENTS

Section Title
LIST OF FIGURE CAPTIONS. . .

usr“r“m.'.....
ACKNOWIEDGMENTS. « « « o o+ &

1 mmm........
2 INSTRUMENTATION. « « « « o ©

2.1 Ionospheric Measurements.

2.2 Particle Detectors. . .

3 omas L] [ ] L] [ ] [ ] [ ] [ ] [ ] [ ]
3.1 BSatellite Performance .
3.2 Instrument Performance.

3.3 Coordinated Observations.

b PRELIMINARY DATA ANALYSIS. .
5 SUMMARY AND CONCIUSIONS. . .

IM8C/L-39-70-1

Page
. 11
. iv
o v
. 1.1
° 2.1
. 2'1
. 2.’
] 3‘1
. 3.1
. 3k
. 3-8
. l“l
. 5.1



Figure No.
2.1

2.2
2.3

2.4

2.5
2.6
2.7
2.8

2.9
2.10
2.11

3.1

3.2

3.3
3.k

bl

“.2

L.3

Caiibration record for Ion Energy Anelyzer.

One of the epithermsl electron anslyzer sensors.

LIST OF FIGURE CAPTIONS

Caption

IM8C/L-39-70-1

2-3
2-b

Calitrstion curve for one of the epithermsal electron 2-6

anslyszers.

2-6

Flight dsta from the CXA (Chennel-electron-multipli- 2-11
er - X (crossed-rield anslyzer] - Alpha particles

plus protons). Two consecutive mass sweeps are indi-
csted from s crossing of the auroral zone on 5-13-&Y.

Cslidration
Calidbration
Calidbration
Calibrat! o
Calibration
Calidbration
Calidration
Tuable rate
experiment.
Sanple data
Sumple dats
Sample data

Saaple data
format.

curve for ADI-1. 2-1k
curve for ADI-2. 2-15
curve for ADI-3. 2-16
curve for TRP-1. 2-17
curve for TEP-2. 2-18
curve for OR-1A. 2-19
curve for CFP-2A. 2-20
of satellite during the course of the 3-3
from Ion Enersy Anslyser. 3-6
froa Langmuir prodbe. kLY
from epithermal electron analyzer. 3-y

from six particle detectors in the survey U2

Particle data frcm the :ominal 0° detectors during a Lok
traverasl of the northern polar region on 13 April

1%90

Particle dsts from the nominal 55° detectors during  L-5
a traversal of the northern polar region on 13 April

1969.

i1



Figure No.

L.

k.S

L.6

8C/L-39-70-1

LIST OF FIGURE CAPTIONS (continued)

Caption Poge

Particle data from the nominal 90° detectors during  U-6
a traversal of the northern polar region on 13 April

1969,

Electron fluxes during a traversal of the aouthern k-9
dayside auroral zone on 13 May 1965.

Rlectron fluxes during e traversel of the southern k.10
dayside aurorsl zone on 13 May 1969.

Electron angular distridutions during s traversal of k-1l
the southern dayside auroral zone on 13 May 1969.

The effects of magnetic field offsets on the magnet- k-15
ometer date (uncorrected).

The effects of magnetic fleld offsets on the magnet- 4-17
ometer data (corrected).

Energy spectrs from the epithermal electron analyser. 4-19

114



IMSC/L-39-70-1

LIST OF TABLES
Iadle No. Caption Page
2-1 Characteristics of low-energy particle detectors. 2-8
2-11 Characteristics of flight foils. 2-13
2-I11 Low-energy particle detectors. In-flight 222
calidbration results.
3-1 Extent of data. 3k

iv



LM8C/L-39-70-1

We wish to thank Mr. R. G. Joiner of the Office of Naval Research
and Lt. Colonels J. K. Lerohl and J. Hill, USAF, of the VEIA Office of
the Advanced Research Projects Agency for organizing and providing
direction to the prograam and for their persistent efforts required to
obtain suitadble satellite space for the payload. The cooperative
support of Messrs. B. Zillgitt, J. Kitsos, K. Hultner and P. Smith of
the General Dynamics Corporation, Convair Division, to the successful
integration of this spectrometer with the OV1-18 spacecraft is heredy
acknovledged. Special acknowledgment is made to Major J. McSherry,
Colonel R. D. Spowart and Colonel W. B. Wilson of the Office of Aerospace
Research, USAF, for their support throughout the integration, launch and
orbital operations of the OV1-18 spacecraft. Ve acknovledge the support
of the Advanced Research Projects Agency and the Office of Naval Research
through Contract NOnr 4969(00).



IMsC/L-39-70-1

Section 1

INTRODUCTION

Thic i{s the final report for a satellite measurement program to inves-
tigate the chsracteristics and causes of horizontal ion density gradients
in the P-region ionosphere. The satellite payload was successfully launched
on 18 March 1969 into a poler orbit and has been providing data since that
time. This report covers the development of the payload, the satellite
orbital operations, and the preliminary dsta analysir phases of the program.
The analysis of the flight data is being continued under Contrart NOOOCllL-70-
C-032k,

The ionosphere is frequently chsracterized by its ability to ubsorbd,
refract, or reflect electromagnetic irrediations. These characteristics
are clearly important to terrestrial and spsce communications networks and
to radar tracking systems, particularly over-the-horizon tracking systems.
In sddition, the ionosphere plays an important role in the ability to detect,
locate, and characterize nuclear detonstions by means of the electromeagnetic
signals produced by the detonations. Chsnges in the natural ionospheric dens-
ity and composition are also produced by nuclesr detonations in or near the
ionosphere, and identification of the perturbed ionizatioh can serve as ¢
means of detection and characterization of the nuclear device.

It is well known that nuclear detonaiions in the earth's magretosphere
produce strong electromagnetic sicnals, particularly in the low-frequency
range. Detection of these signals and measurements of their characteristics
provide a means of identifying, locating, and characterizing a nuclear detonu-
tion. Electromagnetic signals from nuclear detonations have frequently been
observed at large distances from the point of detonation as a result of the
propagation of the signals through the ionosphere or within the earth-iono-
sphere cavity. Tte intensity, time dependence, and frequency composition of
these signals at remote distances are strong functions of the characteristics
of the ‘onosphere. At present, our limited knowledge of the structure of the
ionosphe:e continues to 1limit our ability to determine the clectromapnetic
source characterisiics from measurementz on the cisnals received at distant
ctations.,

1-1
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Prior to the initiation of the present program, large horizontal
gradients in the ion density near the region of maximum density in the
F-region (300-350 km) had been cbserved by the Lockheed Upper Atmospheres
Group1 with satellite instrumentation during a k-day flight in November
1963. Some of the gradients persisted from day to day and were generally
aligned with the magnetic field. These data, coupled with earlier data
from the Alouette topside sounder, indicated that a nighttime trough of low
ion density might be present at all altitudes on the equatorial side of the
auroral zones. The data also showed that the ion density gradients on the
nightsidc of the earth in the region of the polar auroral zones were related
to the low-energy precipitated particle fluxes in those regions. Horizontal
gradients were also observed in the South Atlantic anomaly region and they
appeared to be directly associated with the artificial radiation belt and
at times with the Van Allen radiation belta. More detailed reports of the
ear1y31ﬁckheed and Alouette results have subsequently been published else-

]

where .

The present program was undertaken to improve our understanding of the
horizontal ion density gradients. The major goals of the program are 1) to
investigate the vertical extent of the type of horigontal ion density grad-
fents observed in November 1963, 2) to study the local time dependence and
other long-term and short-term variations of the observed structure and 3)
to investigate the role of the energetic particle fluxes in providing the
ion density gradients.

Initially, two satellite flights were planned. One was to be flown
above the F-region peak density (400-500 km) and one below the peak (250-300
km). The satellite experiment that has been completed and is reported here
vas flown above the F-peak.

The satellite was launched on 18 March into a 99° inclination orbit with
apogee initially at 590 km and the perigee at 469 km. All of th payload
performed well on orbit initially and most of it continued to perform well
throughout the first year's operation. The satellite, however, failed to
achieve orientation and tumbled in a near random fashion but with a tumble

1-2
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rate that varied with time. 1In spite of this failure, all of the instrument-
ation provided some high-quality data and a large body of data has been
acquired that promises to yleld significant results on the systematic
relationships between the ionospheric structure at this altitude and the in-
put energy sources in the form of particle fluxes. Electron density and
temperature measurements with the Langmuir probe were acquired throughout
the experiment and ion density and temperature measurements were acquired
during the first 225 orbits. The preliminary analysis has shown that
ionospheric structure is observed and is significant at this altitude.

The failure of the satellite to achieve stabilization has complicated the
analyses, and the delay in obtaining good ephemeris data from the Air Force
for the period prior to orbit 388 has resulted in a delay in the analysis

of the ion and electron density data since detailed attitude information

is required for the interpretation of the data.

Substantial progress has been made in the preparation of a series of
computer programs for processing the flight data. These programs have been
used in the analysis of the particle flux data to verify their applicability
to flight data of varying quality, and detailed surveys of the particle
fluxes for some of the early orbits have been performed.



1.

2.

IMSC/L-39-70-1

Section 1

REFERENCES

Sharp, G. W., T. J. Crowther and C. W. Gilbreth, "Some Recent Ion
Concentration Measurements Obtained from a Polar-Orbiting Satellite,”
Trans. Am. Geophys. U., 45, 87-88 (1964).

Sharp, G.W., W. L. Imhof and R. G. Johnson, "Direct Evidence for
Corpuscular Radiation Effects on the Ionosphere in the Southern
Anomaly Region," COSPAR Conference, Buenos Aires, May 1965; Space
Research VI, North-Holland Pulbishing Co., 1966.

Muldrew, D. B., "F-Layer Ionization Troughs Deduced from Alouette
Data," J. Geophys. Res., 70, 2635 (1965).

Sharp, G. W., "Midlatitude Trough in the Night Ionosphere," J. Geophys.
Res., 71, 1345 (1966).

1-b



IMSC/L-39-70-1

Section 2

INSTRUMENT AT ION

2.1 Ionospheric Measurements

The stale of the ionosphere is best described in terms ol the ion
density, ion temperature, electron density, electron temperature and the
intensity and distribution of epithermal electron fluxes. In this in-
vestigation of the horizontal ion density gradients in the lower iono-
sphere these parameters have been measured. The accomplishment of this
task has been obtained with the following instrumentation: an Ion Energy
Analyzer (IEA) to measure ion densities and temperatures; an Epithermal
Electron Analyzer (EEA) to measure the intensity and distribution of
epithermal electron fluxes; and a cylindrical Langmuir probe to meas-
ure electron densities and temperatures.

The Ion Energy Analyzer (IEA) flown in this experiment was a re-
tarding potential analyzer which operated in the range from +27 volts
to =10 volts. The sweep voltage changed lineurly from +27 volts to -10
volts in a two-second period and the return sweep was accamplished in a
one-gsecond period. The IEA had the capability of measuring the ion dens-
ities of two different groups of ions in an ionosphere composed of two
groups, namely molecular ions (lO‘, 02+, 82+, etc.) and atomic ions (0*,
N*, etc.). 1In addition to the separate ion densities the common ion
temperature is also obtained. The data is partially "on-board" processed
such that very little telemetry bandwidth iz used in transmitting the data.
A complete description of the operation of a similar instrument is given

in the literaturel.

The particular model of the IEA in this experiment required last-
minute modifications due to the change in the stabilized orientation
of the vehicle. The IEA is designed to bLe oriented looking into the
velocity vector. Inasmuch as the vehicle was projected to be relatively
unstable around the yaw axis, the sensor elements of the IEA were in-
creased from initially one to four. These elements were located on the

2-1
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veehie)e Guct Lhat jn tha two axes stahllized conditjon st lzest one of
Lhee sensor clement: would be nearly in the direction of the veloelity

veetor,

The instrument with the four sensor elements wvas carefully calibra-
ted for eanch mode of operation. A typical calidbration curve is shown in
Flgure 2.1. The figure is a reproduction of an actual strip chart record
of a calibration run. The various channels of the chart are ladeled corres-
ponding to the functions of the instrument. The basic cycle of the instru-
ment is demonstrsted by the "sweep” channel.

A conventional cylindrical langmuir probe vas supplied through the
courtesy of Professor A. Nagy of the University of Michigan. This instru-
aant measures the electron concentration and the electron teaperature by
applying a negative retarding sweep potential to a cylindrical wire prebe.
The electrons collected on the probe are then analyzed. PFroa the character-
istic volt-ampere curve the electron density and temperature may be obtained.
A more detailed discussion of this type of instrument and the data analysis
may be found in the literature>.

The Fpithermal Rlectron Analyzer (EEA) experiment was incorporated in
the satellite to measure the flux of electrons as a function of energy in
the range 0-128 electron volts. Blectrons in this energy range are produced
by photoionization of the neutral atmosphere, by energetic particle bombard-
ment of the nautral atmosphere, and by other processes such as joule heating
and heat conduction from the magnetosphere. These low energy electrons are
potentially responsidble for exciting many of the airglow lines such as 1493-A
of atomic nitrogen, end the 130hk-, 1356-, $577- and 6300-A lines of atomic
oxygen. They also play an important role in the energy degradation of
extreme ultraviolet photons and energetic particles into thermal energy

of the upper atmosphere.
An example of one of the sensors attached to the electronics box
is illus-rated in Pigure 2.2. The cylindrical portion contains prids and
a collector which together gerve to exclude the positive ions in the jonro-
sphere and to collect negatively charged particles (essentially all electrons)

2-2
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Figure 2,2 One of the epithermal electron analyzer
sensors.
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vhich have sufficient energy to penetrute the retarding potential darrier
estublished on one of the grids. The retarding potential ic stepped suc-
cessively from gero to 128 vults to determine the flux in eight energy
intervals,

Three sensors were mounted on the satellite in different orientations,
two of them antiparallel. The three sensors were required to overcome elec-
tron shadowing by the vehicle in the earth's magnetic field. The two detectors
vhich were antiparallel permit measurement of a resultant electron current
along the magnetic field line.

The sensors were designed to measure the flux over the range 105-1011
particles/cm 2-gec l-ster™l. Pigure 2.3 is the calibration curve for
sensor 1 and demonstrates that this range was successfully achieved. Pre-
liminary data analysis indicates that the electron fluxes fell within the

range of the sensors at essentially all times.

2.2 Particle Detectors

An array of low-energy particle detectors was included in the payioad
in order to adequately document the energy inputs to the ionosphere from
low-energy precipitation events. The angular distributions, energy distri-
butions, spatial and temporal distributions of low-energy particle precipi-
tations are known to be highly variable and the fluxes can be in the form
of electrons, protons or energetic Helium ions. Sufficient instrumenta-
tion is required to define all of the many parameters in the event., We
have chosen two complementary forms of instruments to perform these meas-
urements. The first type uses a scintillator-photomultiplier combination
as the detecting element. It can be made with a large jeometric factor
and so can obtain an adequate statistical sampling in a relatively short
time and is therefore particularly suited for studying narrow suroral
structures and fast temporal changes in the precipitation. The ecnersy
and particle type is determined by some combination of electrostatic,
magnetic, and foil threshold analysis. The design considerations and a
detailed discussion of the construction and calibration of this type of

2-5 .
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instrument has been pubulhod3’u. Five of them have been included in the
payload. Angular Distribution Instruments (ADI) -1, -2 and -3 measure the
ungular distribution of the total energy flux above two thresholds (0.2 and
1.2 keV) by means of a variable electrostatic threshold which is cycled
eight times per second between the two values indicated. Two instruments,
Jotal Znargy Proton (TEP) detectors -1 and -2, measure the total proton
energy flux above 4 kaV and the total energetic electron flux (electrons
above 21 keV). The threshold values for these instruments are defined

by thin evaporated aluminim foils on the faces of the scintillators and

the electrons are separated from the heavy ions with magnetic analysis.

The geametric factors, angular ranges and other specific characteristics
of the several flight instruments are shown in Table 2-1. The second
basic type of instrumerc used is based on the Channel-Electron-Multiplier
(CEM) as the detectirg element. These detectors are very compact and so
many channels can be included in the payload, allowing one to achieve good
energy resolution. The small detector size, however, limits the statistical
accowracy of the measurements in weak or rapidly varying events. In this
sense they are complimentary to the scintillator-photomultiplier detectors
descridbed adbove. We have included five instruments of this type in the
payloed, oriented in different directions so as to perform an angular
distribution measurement of the incident flux. Each instrument contains
from nix to ten modular channels and each channel measures a specific
energs group of either electrons or protons. The channels are essentially in-
dependent detectors consisting of a CEM as the censor and some combination
of magnetic and/or foil threshold analysis to define the energy range and
the type of particle. The modular channels are stacked together in groups
of from six to ten on a base which contains a common high-voltage supply
and signal handling circuitry. The design, construction and calibration
of these instruments has been descridbed in the ntontures and will not

be elaborated upon here.

The individual modules can be one of several types. The CME (ghannel-
electron-multiplier - Magnetic analysis - Electrons) uses a 180° permanent
magnet spectrometer to define the energy range. The CMP (ghannel-electron

2-7
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multiplier - Marnetic analysis - grotons) alsc uses magnetic analysis but
mensures incident protons. The CFP (Chunnel-electron-multiplier - Foil
Lhaeshold analysis - grotons) uszes u marnetic broom to cweep out electrons
and defines the threshold encrpey of the meusured proton {'lux with a thin
carbon or nickel foil. The CFE (Channel-electron-multiplier - Foil threshold
analysis - g;ectrons) is a similar unit without the mugnetic broom so that
the difference between its response and that of the CFP gives the electron
flux above the foil determined threshold. Thre CZU (Channel-electron-multiplier -
Z [unspecified analysis] - Ultraviolei) is a background channel which
measures the incident ultraviolet radiation in the 10002 range. The channel-
electron-multipliers are quite sensitive in this wave length region which
contains both an intense solar line (1216%) and several auroral emissions,
and the background measurements are needed to subtract out this UV response
vhen necessary. The specific characteristics of the individual channels
included in the payload are shown in Table 2-I.

In addition to the five modular CEM instruments, an instrument has been
included in the payload using CEM's as the sensing element, which is designed
to measure the ratio of energetic Helium ions to protons in the auroral pre-
cipitations. It contains three channels each of which consists of a velocity
filter (crossed electric and magnetic fields) in series with an electrostatic
analyzer. The electrostatic analyzer is operated at a fixed energy (1, 3 or
8 keV in each of the three channels) and the electric field on the velocity
filter is swept so that a range of mass-per-unit-charge is analyzed. The
instrument is capable of resolving H+, He'" and He' ions. Figure 2.4 shows
the data from the 8-keV channel for two consecutive mass sweeps during an
aurvral precipitation event in the southern hemisphere which contained a
substantial component of He++.

As has been indicated, a substantial fraction of the low-energy detect-
ors utilize thin foils to define the energy range of the particles measured.
The precise determination of the thickness of these folls is required as
part of the calibration process. This is accomplished by means of a thin
radioactive source of Amahl which emits alpha particles of 5.8 MeV. A

high-resolution solid-state detector is used to measure the eneriy loss of

2-10
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Figure 2.4 Flight data from the CXA (Channel-electron-multiplier - X
[crossed-field analyzer] - Alpha particles plus protons).
Two consecutive mass sweeps are indicated from a crossing
of the auroral zone on 13 May 1969.
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the alpha particles in traversing the foils. For the scintillator-photo-
multiplier detectors where the foil is evaporated directly onto the face

of the scintillator, this is accomplished by determining the increased energy
loss of the alpha particles in traversing a thin plastic film (formvar) which
huas been placed next to the scintillator during the evaporation process.
Thesc measured energy loss values and the equivalent thickness in ugn/cm2

for the flight foils are given in Table 2-II along with other relevant foil

parameters.

Figures 2.5 through 2.9 give the calibration curves for the five scin-
tillator-photomultiplier flight instruments. The ordinates give the total
particle energy deposition in the scintillator and the abscissas show the
corresponding output voltage of the instrument. The shapes of the curves
are determined by activating the instruments with a series of geometrically
identical Sr90_Y90 radioactive sources of known relative intensity in a
reproducible geometry. The calibration points cbtained from these sources
are shown on the curve (labeled 2-3 through 2-12). The absolute normal-
ization of the curves is determined by measuring the energy deposition in
the scintillator from one of the weaker sources using pulse-counting tech-
n:lques3. Also shown on the curves are the points from the in-flight calibra-
tion light diodes (Gallium-phosphide). These lights are turned on period-
ically during the course of the experiment to measure any gain drifts in
the instruments. A low-level in-flight radioactive calibration source is
included in each detector and its level is also indicated on the curves.

For the ADI instruments the source material used is H3(ndsorbed in 2r)

which has a beta spectrum of sufficiently low energy that it is affacted

by the repelling and post-acceleration voltages used in the instrument. The
instrument response to the source in each of its two operating modes (200 eV
and 1200 eV threshold steps) is indicated by the upper two points and the
response in a possible failure mode (post acceleration and repeller volt-
ages = 0) is shown as the lowest point.

Figures 2.10 and 2.11 give two representative calibration curves for
the CEM instruments. The ordinates give the counting rate and the abscissas
show the corresponding output voltages. Two curves are shown - one for

2-12
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Table 2-I1. CHARACTERISTICS OF FLIGHT FOILS

Foil Meagured Foil
Foil Dianeter ke Light

Material | (inches) Transaission
ADI-1 1200 |Aluminum 1.550 20.1 7.8x10°%%
ADI-2 1298 |Aluminum 1.550 |1.8 | 20.1 3.5x10%0%
ADI-3 1290 |Aluminum 1.550 [11.8 | 20.1 1.1x107se
TEP-108-1 | 6028 |Mwminm | o0.875 | 9.4 | 15.8 1,6x10ee
TEP-108-2 133 |Aluminumt 0.875 13.0 | 22.0 6.1:10600
TEP-108-2 | X6501A {Aluminum 0.705 - | 1000 .
CFP-1B 190 Mickel 0.028 [26.4 | 61.5 1.4x10"3a
CFP-1D 225 Nickel 0.08 |95.5 |222.0 £ 14,1310 78
CFP-2A 143 Carbon 0.0t |10k | 13.7 1.2x10"25
CFP-2C 264 Nickel 0.028  |56.0 |130.0 < 2,4x10°7a
CFP-2E 215 Nickel 0,028 - | wisoe .
CFP-3B 186 Nickel 0.0k |2u.2 | 56.3 1.6x10"3a
CFP-3D 234 Nickel 0,028 |95.5 |222.0 £ 7.2x20° 73
CFE-bA 255 Nickel 0.r20 |3.2 | 79.7 1.2x10"3a
CFE-UB 232 Nickel 0.020 |s0.9 |218.0 £ 9.5x10° 74
CFE-UC 221 Nickel 0,020 - Lisow -
CFP-UB 254 Nickel 0,020 [33.6 | 78.4 1.4x10"38
CFP-5D 231 Nickel 0.020 |93.5 |217.0 £ 4,320 78
CFE-5 2ul Nickel 0,110 mesh - 28Lo» -
CFP-5B 193 Nickel 0.056 |25.9 | 60.3 1.5x10"3a
CFP-5C 5 Nickel 0.056 |65.1 |151.5 - 1,8x10"7a
CFP-5D 229 Nickel 0.110 mech | 96.0 | 223.0 1.7x10'6/s
CFP-SE 219 Nickel 0,110 - | nsom .

L

Weighed on microbalance

8 Response to full moonlight (kev/sec of
equivalent flux)

4 Meas transmission fraction for
1216A radistion

t An additional foil consisting of a layer of {-mil
mylar with about 100 ugm/cm® Al cvaporated on it is
used in series with the foil evaporated on the
scintillator for this instrument.
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periodic (sinusoidel) and one for random inputs. Included on the periodic
curves are the points from the in-flight calibration oscillator which is
used to calibrate all the ratemeters periodically during the course of the
experiment. Also shown is the point from the in-flight radioactive calibra-
tion source which is included in each channel to indicate any possihle
changes in CEM counting efficiency during the course of the experiment. The
meusured responsrs of ull of the various detectors at each step of the four-
step calibration sequence and to their radioactive in-fli;ht calibration
gsources are shown in Table 2-III. The luboratory measured values ure shown
as well as measurements taken in orbit both shortly after luunch and after
about a year's operation of the experiment. The overwhelming majority of
the sensors were still functioning satisfactorily at that time,

In order to adequately measure the more penetrating particles found in
the radiation belts and polar cap regions which can be a siznificant source
of background to the low-energy detectcrs, an instrument called the PRM
(Penetrating Radiation Monitor) has been included in the payload. This
instrument possesses high-sensitivity and high-time resolution for the
measurement of protons, electrons and alpha particles. Detection of pro-
tons in the energy range 1.2-U( MeV and integral above 70 MeV, electrons
in the range O.4-1,9 MeV and alpha particles in the range 7-20 MeV is per-
formed with sensitivities as high as 0.1 particles/cma-sec and with a
dynamic intensity range of six decades. The instrument employs a truns-
mission solid-state detector having a total-depletion depth of 212 um and
a sensitive area of 300 mm2 in conjunction with a total-energy plastic-
scintillation spectrometer. The plastic-scintillator has a diameter of
6.5 cm and a thickness of 2.8 cm, corresponding to the range of a 58-MeV
proton. Both detectors are suirounded with a minimum shielding of 5.0 gm/cm2
corresponding to the range o2 a 60-MeV proton. A l-mg/cmz-thick mylar
window, evaporated on both sides with 100-ug/cm2 aluminum is placed across
the entrance apertureto make the assembly light-tight and to prevent low-
energy electrons and protons from enterings the solid-state detector. The
maximum acceptance half-angle of the aperture is 50 desrees und the omni-
directional peometric factor for an isotropic flux is approximitely 0.5 cma.
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Table 2-III.

LOW-ENERGY P/RTICLE DETECTORS.
IN-FLIGHT CALIBRATION RESULTS.

IMSC/L-39-70-1

(Sheet 2 of 4)

Detector
Mode

CMP-3C
035C-1
0sC-2
0SC-3
0SC-k
IFC Source

CFP-2A
05C-1
0SC-2
0SC-3
0SC-4
IFC Source

CFP-3B
0SC-1
03C-2
0sC-3
0SC-4
IFC Source

CFP-2C
038C-1
0SC=-2
0sc-3
0SC-4
IFC Source

CFP-3D
0sC-1
0SC-2
0sC-3
0SC-U
IFC Source

CFP-2E
0sc-1
08C-2
0sc-3
0SC-h
IFC Source

CME-2A
0SC-1
08C-2
0SC-3

' 0SC-U

IFC Source
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IFC Source

CME-3C
05C-1
0sc-2
0sC-3
0SC-4
IFC Source

CME-2D
0SC-1
0SC-2
0sC-3
0SC-4
IFC Source

CZu-2
05C-1
08C-2
0SC-3
0SC-U
IFC Source

ADI-2

Light 1
Light 2
Light 3
Light 4
IFC Source
IFC Source

TEP-108-1
Light 1
Light 2
Light 3
Light 4

IFC Source

TEP-108-2
Ligcht 1
Light 2
Lirht 3
Lirht h
IFC Source
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- . LOW-ENERGY PARTICLF DETECTORS. & )
Iable 2-I11 IN-FLIGHT CALIBRATION RESULTS. (Sheet 3 or° N)
{ ¥liht Flirht FLipht, FLi bt
1 Detector ab Toest Pest Test Detnctor Lab Peont Test, Peoist
Mod«: (]-.’”l-()‘)) (3-.”’!-()9) ('&-20-/()) Mode (1-;_”|-u()) (3-:"1-(.«_)) (h-,’\n-,’u)
CFP-4B CFE-UB
0sC-1 2.31 2.28 2.20 05C-1 2.34 2.25
0sc-2 3.13 3.11 3.05 0SC-2 3.13 3.11 3.05
0sC-3 4.26 4,21 4.10 0SC-3 4.22 4,17 4.10
osc-h 4,92 4.88 L.75 0sc-b 4.88 L.84 L.75
I¥C Source | 1.20 1.30 1.10 IFC Source 1.50 1.50 1.20
CFP-D CFE-hC
0sc-1 2.38 2.32 -- 05C-1 2.25 2.20 2.10
05C-2 3.18 3.15 - 05C-2 3.05 3.03 2.88
0sc-3 4,26 4,21 .- 05C-3 4.18 4,13 3.95
0SC=h 4.92 4.88 -- 0sC-U 4,83 4,80 4,65
IFC Source | 1.10 1.20 - IFC Source 1.20 1.10 0.90
CME-UA ADI-3
0sC-1 2.36 2.32 2.27 Light 1 1.10 1.73 0.90
0SC-2 3.18 3.15 3.10 Light 2 1.50 2.20 1.57
0sc-3 4,29 4.25 4,20 Light 3 2.50 3.07 2.49
05C-h b9k L.92 .90 Light 4 3.50 3.94 3.49
IFC Source| 1.00 1.00 0.75 IFC Source|l 0.80 0.91 0.Ls
IFC Sourcel2 0.90 1.06 0.55
CME-UB CFP-5B
0sSC-1 2.33 2.28 2.25 0sc-1 2.37 2.36 .-
0SC-2 3.1k 3.11 3.10 0SC-2 3.18 3.15 .-
05C-3 4,25 4,21 4,20 0SC-3 4,28 L.25 .-
osc-b 4,88 4,84 4,90 0SC-h L9k b.g2 .-
J7C Source | 0.90 1.00 0.80 IFC Source 1.20 1.30 -
CME-bC CFP-5C
0sc-l 2.35 2.32 2.25 0sC-1 2.34 2.2 2.10
0SC-2 3.17 3.15 3.05 0SC-2 3.18 3.07 2.92
0SC-3 L.27 L,25 4,15 0SC-3 L.29 L,17 3.95
0sC-L k.90 4L.88 L.75 0SC-h k.97 4,84 4,70
IFC Source| 1.20 0.90 0.80 IFC Source 1.00 0.95 0.20
CME-UD CFP-5D
0sC-1 2.33 2.28 2.10 05C-1 1.00 2.32 .-
0sc-2 3.15 3.11 3.05 05C-2 2.3k 3.15 -
0SC-3 4.29 4,21 4.10 0sCc-3 3.18 L,25 --
0sc-h 4.91 4.88 4.80 0sc-4 L,29 b.92 .-
IFC Source | 0.80 0.90 0.65 JFC Source 4.97 1.00 .-
CFE-UA CFP-SE
0sc-1 2.32 2.28 2.25 0sC-1 2.36 - -
0sC-2 3.13 3.11 3.05 0sC-2 3.19 - --
0sC-3 4.25 4.21 h.15 05C-3 4,29 .- --
; OSC-u L.92 L4.88 L.82 o5C-b b 9h ae ae
'[ IFC Source| 1.60 1.70 1.35 IMC Source 1.10 -- --
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Tauble 2-111. LOW-ENERGY PARTICLE DETECTORS.
= IN-FLIGHT CALIBRATION RESULTS.
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(Sheet 4 of k)
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IFC Source

CME-5C
0SC-1
0SC-2
0SC-3
0SC-h
IFC Cource

CME-SD
05C-1
0SC-2
0SC-3
0sC-4
IFC Source
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Acceptable pulces from ouch detector, us determined by various combinations
of -olncidence logic, are analyzed with separate 15-channel pulse-height
analyzers of the analog-to-digital type.
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Section 3

OPERATIONS

3.1 Satellite Performance

Between 18 March 1969 and 28 April 1970, the OV1-18 satellite has
completed 6161 orbits in space. Of this total number, there have been
658 telemetry acquisitions of the satellite by the eight tracking sta-
tions in the net. During 611 of these ecquisitions, tape-recorded data
were transmitted to the station at e 16:1 reproduce/record ratio. In
this manner, slightly greater than one complete orbit of data (100 minutes)
were obtained for each station pass. The remaining data consists of real-
time passes over a station, particularly over the Ascension Island tracking
station which is located in the South Atlantic anomaly region.

Analog telemetry tapec recorded at the respective tracking stations
were shipped to Cape Kennedy where they were dubbed and used to generate
a computer-compatible, digital-formatted tape. Both the analog and digital
tapes for each pass were made available to the various experimenters. Upon
receipt, all analog tapes were surveyed at the Lockheed Research Laboratory
Data Processing facility. Key experiment data and satellite status data
were immediately processed on 12-channel pen recorders. A log of satellite
performance parameters including transmitter signal strength, tape recorder
data quality, solar cell-battery power output, temperature, commsnd responses,
and orientation in the geomagnetic field was accurately maintained. In gen-
eral, with the one exception of satellite orientation stability, the over-
all performance of the OV1-18 spacecraft can be described as excellent.

Evaluation of the satellite power system indicates that the solar cells
have provided and are providing sufficient voltuge and current to the vehicle
regulator to maintain the experiment power bus at an extremely stable +28
+ 0.0k VDC. Analysis of several temperature monitors throughout the li-month
period of operation has revealed an experiment operating range from +18°c
to +25°c, a remarkedly narrov and desired range.
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Peodomaeley sirnal strencth 'rom the catellite has been sufficlently
hirh such that excellent signal-to-noise ratios huve heen consistently
achieved, On many acquisitions, it is not unusual to process u complete
100 minutes of tape-reccrded data containing over 1c7b1u of data without
the loss of a single bit. The average bit-error rate has been approximately
one part irn 105 which still results in high-quality data. An apparent var-
iation in tape recorder speed was observed during May 1969, but this prob-
lem corrected itself and normal performance has been observed since that
time,

A: a result of difficulties in deploying the gravity-gradient gtabili-
zation booms shortly after launch, the OV1-18 satellite never achieved the
desired three-axis, eurth-centered stabilization. Initially, the satellite
ingtability manifested itself ac a relatively slow tumble with a rate of
0.01 per minute or approximately one complete revolution per orbit. The
tumble rute slowly increcased in an approximately linear munner to 0,28
revolutions per minute us shown in Fipure 3.1 until mid-September 1909
vhen one or more of the booms apparently came free of the sutellite, At
this point, the tumble rute increased more dramatically to a maximum value
of 0.48 revolution per minute and then slowly decreased to the present
value of approximately 0.40 revolution per minute. The tumble rate was con-
tinuously monitored along the three principle vehicle axes by a tri-axis
magnetometer. As discussed in the date analysis section, a detailed anal-
ysis of these magnetometer outputs revealed that residual offsets existed.
A correction prusram was incorporated into the data processing loop to
compensute for these offseta. The resultant instrument and satellite
orientution datu with respect to the seomajgnetic field is thoupht to be
accurute to u few derrees., The most sipnificant effect that the lack of
vehicle ctability has produced ia 4 reduction in the fraection of time
spent ohserving desired phenomena, for example, the instrumrnts are or-
iented toward the earth durin/ an appreciable portion of an orbit. How-
ever, since cach instrument orientation in the preomagnetic field is known
at all times, valuable information is obtained when the orientation is

favorable.
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Tuble 3-I contains a summary of the data acquired from the OV1-18
aubellite along with the number of analog tapes which have been surveyed
for key dutu. Complete analop pen recordings of all the experimental data
have been processed from 52 tape-recorded pusses. In addition, 86 tape-
recorded orbits have been processed through the Lockheed UNIVAC-1108 digital
computer. This latter process utilizes the formatted digital tapes mentioned
earlier and allows detailed scientific calculations to be performed on the
data. The various software programs which were develojed under this con-
tract to process these data sre described in the date analysis section.

Table 3-1 Extent of Data.

1. Satellite orbits (18 March 1969 - 28 Aprii 1970) 6161
2. Data acquisitions 658

a. Tape recorded orbits 611
b. Real-time station passes U7

3. Processed data

a. Analoy survey pen recordings 562
1. 36 tapes not received
2. 13 tapes too noisy for processing

b. Analog pen recordings for all experiment data 52

c. Digital tapes processed through UNIVAC-1108 86
computer

3.2 Instrument Performance

The overwhelming majority of the instruments in the payload performed
well and are still producing useful data over a year after launch. All
twelve of the particle instruments functioned as designed and are still
operating although some of the specially designed chunnel-clectron-mul-
tipliers in one instrument (the Electric Field Probe or EFP) have exper-
ienced gain fuatigue and ure no longer producing useful duta. These mul-
tipliers require a longer outgassing period thun the conventional units and
several of them suffered a period of corona discharpe when the sutellite
payload was turned on earlier than expected on orbit 51. This early turn-on
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was decided upon because persistent drops in the telemetry power output during
the first three days caused some concern about the possible early failure of
the telemetry. The problem later cleared itself up, however, and as has been
indicated, the telemetry functioned well for the remainder of the experiment.

The ion energy analyzer worked well for a period of 225 orbits. All
experiment monitors indicate normal instrument operation over this period.
As has been indicated, the two-axes stabilization of the vehicle was not
achieved and thus the programmed operution of the IEA was not as effective
as had been planned; however, the data may be retrieved by uppropriute unaly-
sis. A sample of the data thus obtained is shown in Fipgure 3.2. This dutn
was obtained from just one sensor element and is typical of the datu found
from the other sensor elements. The data presented in Figure 3.2 is quick-
look ion density data and has been processed by hand. No effort has yet been
made to normalize this raw data to the velocity vector direction. The char-
acter of the data is, however, interesting in that it clearly shows that
large horizontal gradients in the ion density do exist. The complete analysis
of the data awaits, however, the determination of the attitude of the vehicle
as a function of orbit position.

Although not uniquely determined, the failure of the instrument may
have resulted from the required addition of the three extra sensor elements.
The four sensor elements, vhen cperated together, required operation nearer to
the output limit of the instrument power supply than with ore sensor. Short-
term tests and circuit analysis showed the performante to be sutisfactory,
but the constraints of time imposed by the launch schedule precluded long-
term tests.

The cylindricel Langmuir probe operated as designed from instrument
turn-on to the present tims. Selected orbits of data have been analyzed
by hand. Complete analysis of the data awaits the orbit-attitude informa-
tion. An example of an actual data record is shown in Pigure 3.3 in which
one complete data cycle is given. The upper trace corresponds to the
potential applied to the probe. The lower trace represents the data out-
put from wvhich the characteristic volt-ampere curves are constructed. The
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electron temperature and density are subsequently ottained from the analysis

0! the volt-anmpere curves.

Thee EBEA experiment operated as desirned for approximately one and one-
half orbits ol datu nequisition, Samples of telemetry output for the three
sencor heads over several instrument cycles and during the first orbit of
duta nequisition is illustrated in Fijure 3.h. The top signal, labeled
Phinge, indicutes the roturdine potential upplied to the returdirn;: irid :nd
also the hirh and low current culibration phuses. The other three :sicnuls
indicute the telemetry voltarse corresponding to the electron cuarrent collected
by each sensor. Only a few individuul cycles have been analyzed, two of which
will be presented in Figure 4.10 in the dutu analysis section. Ouring the
second orbit of data acquisition, the instrument failed from an ndetermined
cause. However, the uniqueness of this low-energy electron data makes only
one and 1 hulf orbits of data of significant value.

3.3 Coordinuted Obscervations

Ffor selected periods, the satellite experiment has also provided quanti-
turive mewsurements of the particle flux inputs t.o the lonosphere for inter-
comparison with coordinuted pground-buased obgervations of varlous ionozpheric
phenomenia. Of particular interest is a study of the relutionship hetwenn
radar clutter and refraction phenomena and the aurorul particle fluxes. Threc
sets of coordinuted satellite and pround-bused raudar observations huve been
carried out, two in cooperation with the radar croup at Stanford Research
Institute utilizing their facility at Homer, Alaska, and ore with the radar
rroup at the MIT Lincoln Laboratory (ABMDA). The first se’ of coordinated
meusurements were obtained over a six-week period between 23 March and 8 May
19959 durings twenty=-seven traversals of the satellite over the Fairbunks arewu.
Radar aurorus were observed on most of the passes and preliminary scans of
the satellite data 'rom 2 piasses has shown that particle preeipitation: wers
oecurrine on cnch ol the overpasses when radar reburn: wore reportoed,  tthe
second ael, of coordinatnad measurements: was made durine n seveneweob period
betwenen 1 September and 17 October 1949 durin:: Lhirtyeonr: Lraversals ol Lhe

satellite over the Fairbanks areu. IMor the experiment with the MIT Lincoln
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Laboratory, the satellite was operated for thirteen duyside pusses over
Quebec Province in Canada during the period 10 April to 17 April 1970.

A set of coordinated measurements wus also obtained with the DASA
PCA-09 operation at Fort Churchill, Canada, during which the satellite
provided measurements on the solar particle event which was in progress
at the time, and determined the contributions to the disturbed ionosphere
made Ly the low-cnerry (auroral) purticles ut the times of the overpusses.
Durins this period (2-5 March 1969) the satellite was programmed to chtuin
seven overpasces of the Churchill area and larre fluxes of solar protons
in the 1 to 10-MeV ranre us well ac enerpetic solur electrons and ulphu
particles and auroral particles were observed.

The satellite wus also speciully programmed during the period of
2l November to 18 December 1969 for coordinauted observations with the NASA
1969 Airborne Auroral Expedition and simultancous data were obtained on

auroral precipitation events.
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Saection h

PRELIMINARY DATA ANALYSIS

Severul complementary techniques have been utilized to process and to
ussess the data as it has been received. For each acquisition, one or more
survey plots showing the outputsof some representative detectors has been
made from the unalo;; tape by means of the Lockheed ground station which
decodes und demultiplexes the signal and produces an analog strip chart
containing six selected instrument outputs. Since this procesc is entirely
analor;, the digital time base information from the satellite is not readily
uvailable und so the plots have an unnormalized time scale, They are ex-
tremely useful, however, to indicate the quality of the data, to verify that
the payload is still functioning normally, and to give a roush indication
of the general level of particle fluxes.

Firure 4.1 shows the raw data from severul representative detectors
in thic curvey formut. Relutive time is plotted ulongs the horizontal axic.
The prriod shown corresponds to one complete tape recorder dump (100 minutes)
or comewhat more than one orbit. The upper curve shows the output of the
CME-1A in the range from O to 5 volts. Thic detector responds to eclectrons
with energies between 0.8 and 1.5 keV, The two spikes shortly after turn-on
are an in-flight calibration sequence. The satellite at this point is heuding
south on the nightside of the earth toward the auroral zone. An enhanced flux
is observed during the south polar crossing and the instrument returns to itc
buckrround level (defined by the in-flirht radioactive calibration source) us
the satellite heads north on the daycide. The lurpe noise cpike in the center
of the record is from the reversul of the tape on the recorder. The satellite
then crosses the northern auroral zone on the duyside, i70es throurh the polar
cap rerrion where the flux roes down to backrround level and Lhen crosses the
auroral zone wraln on the nirhtside headinge south, The two gpibes are Crom
unother in-1"liiht calibration scquence and Lhe Lape end: with o slirht one
huncement due to the penctruating particlec in the radiation belt, The reason
thut the dayside and nipshtcide auroral zonec ure merired in the southern hemi-
sphere und separated in the rorth is that for this particular traversal the
orbit rcached higher masnetic latitudes in the north.

bl
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The next two curves show similar results for CME-1C (3.75 to 7.0 keV
electrons) and CME-1E (17.3 to 37.0 keV electrons). The region of enhanced
count rate in CME-1E Jjust prior to the second calibration sequence is a
spurious response, The fourth curve down shows the output of CFP-1B (pro-
tons with energies greater than 10 keV). All of these instruments used
channel-electron-multipliers as the sensors. The bottom two curves show
the outputs of two of the scintillator-photomultiplier detectors. The
TED-3 response is proportional to the total energy flux of electrons vith
energies above about 25 keV. This response reaches a maximum at latitudes
below the auroral zones in the region of the outer radiation belt., The
lower curve shows the output of one of the channels of the Penetrating
Radintion Monitor (PRM) which is sensitive to protons in the MeV range.

A zolur proton event was in propress during the period illustruted and the
ereretic protons were seen over both polar caps.

The next stage of analysis is performed by a computer program which
processes the Air Force-supplied digital tapes for selected orbits and pro-
duces a complete set of survey plots showing the outputs of 50 detectors on
six different strip charts with a normal_zed time base. The program first
unpacks the digital tapes through a logical bit manipulation which converts
the WB-bit words into 1108-compatible 36-bit words and then stores them on
murnetic tape in a converted form for further processing. In order to plot
this larce ouantity of data at a reasonable cost, it wus necessary to nuke

se of five drums for storare und to uce a sleuth routine for chanrinis the
buffer cize of' the plot-output tape. A short cection from cuch of threr of the
six strip charts are shown in Fijures 4.2, 4.3 and Wb durine a truversal of
the northern polar reiion on 13 April 1970. The abcelssu §s a continuously
runnine Limn index in scconds. The chunnels with a common pointins direction
are 'rouped together and the top curve in euch figure shows the pitch anile
corresponding to this pointing direction as a function of time as computed
from the on-board magnetometer data., The scale varies from 0° to 180° with
0° corresponding to particles coming down into the atmosphere in the southern
hemisphere. The nominal 55° detectors are further subdivided into two groups.
The pitch angle corresponding to the TEP detectors is shown in the light

L3
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curve vhile that for the remaining detectors is shown in the darker curve.
Two curves are also shown for the ADI instruments. The light curve indicates
the instrument response when on its 1.2-kilovolt threshold and the dark curve
iz the 0.2-rilovolt threshold response. Each of the other curves shows the
output of an individual detector in the range O to 5 volts. The traversals
of the dayside auroral zone at about 2231100 seconds and the nightside uuroral
zone at about 2231800 arc marked by enhanced and fluctuatins -esponsec in both
the electron und proton channels. Carc must be excrcized in interpretin’ these
rav data since several varieties of spurious response are present. For cx-
ample, in Pigure 4.4, at about 2231550, the nominal 90° detectors are looking
at the sun as indicated by the saturated response of ADI-3 and the high smooth
peaks in the CFE's. The peak at about 2231480 in the CFP-2A response in Fig-
ure 4.3 is due to ultraviolet light (Cf., the UV monitor CZU-2). The enhanced
response at about 2231300 in CFP-1P and the enhanced response of ADI-1 in
Figure 4.2 are due to the "scoopinug up" of plasma which occurs when these
detectors are oriented in the veliocity direction during the tumdbling of the
spacecraft.. This type ol record has been found invaluable in determining
the recions and extent of spurious response and in selecting particularly
interesting scoments of data for detajled analysis.

A computcr program to perform the next atep in the detuiled unulysis of
the precipituting fluxes for selected periods hus ulso been developed, [t
uses as input the 1108 compatible magnetic tape produced by the ubove-
described program and also the calibration curves, ceometric factors, encry
ranges and background levels of the various channels. The responses of thirty-
one detectors are combined into e¢nergy spectra, pitch-angle distridbutions,
differential and integral flux inteisities and mean particle energies for
both the electron and proton fluxes. The program also generates a new con-
densed magnetic tape record of the outputs of the selected detectors for the
chosen time intervals and allows the storage of many of these interestinc
time intervals from different orbits on one tupe for convenience and econ-
omy in further processinr. The prorram subdivides each interval into 100-
second prriods and for cuch 100-s~cond period it produees ~irhl cepurate
plots, prints un output rccord of all computed und plotted quantitics, :dd

,| f
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produces a microfilm copy of both the plots and the printed outputs. Some

of the computer plots giving the electron results for a representative period
ure shown in Figures h.5, 4.6 and h.7. The satellite is in the gouthern
duyside auroral zone heading north (at a magnetic latitude of ubout 70°).

The sbhscissu is a continuously running time index (in seconds). The left-
hand section of Figure 4,5 shows the results from the nominal 0° COME detect-
ors. The curve between 1 and 2 on the ordinate scale is the logarithm of the
intecral of the electron flux between 0.8 and 16.3 keV obtained from the CME-1
detectors. It varies between ].O6 and ].0]'0 eleetms/aa-see-stendim in the
interval indicated. The solid curve between O and 1 on the ordinate givec the
average electron energy on a linear scale in keV (between O and 20 keV). The
dotted curve pcives the orientation; that is, the pitch angle being sumpled

by this set of detectors, on u linear scale between o° (ordinate = 0) and 180°
(ordinate = 1.8). The recion of the plot between 2 and 7 on the ordinate
scule contains the differential electron spectrum from the CEM-1 detectors

for each sccond of the period illustrated when the flux was significantly
above backgoround. The gpectrum from the first second is the plot at the top
left, the next is one plot duwn and etc. The spectra have been normalized

to one unit of ordinate, and two decades are plotted on a logarithmic scale.
In examining these data shown in Figure 4.5, one sees two regions of signif-
icant fluxes, the second one being harder and more intense.

The right-hand section of Figure 4.5 shows a similur set of plots for
the CME-2 and CME-3 detectors (nominal 55° pointing direction). Figure 4.6
shows similar results for the CME-I (nominal 90° pointins direction) and
CME-5 (nominal 180° pointin: direction) detectors. The interral electron
fluxes meusured at the varioun pitch ruirles correcpondine to the instunt-
aneous pointins directions of these zseveral instruments ure ruthered torether
in Figure k.7 where u pitch-unple distribution at euch second of the period
fllustrated i3 plotted. The distribution from the first second is the plot
at the top left. The next is one plot down, etc. The abscissa of each plot
is pitch angle in degrees (20° per subdivision). The ordinate iz the loga-
rithm of the int~gral flux varying from 105 to 1010 electrons/enz-sec-ster.
One sees that during the events shown the flux was roughly isotropic in the

L-8
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e 4.6 Electron fluxes during a traversal of the southern dayside
auroral zone on 13 May 1969.
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upper hemisphere, while the upward traveling (backscattered) flux was
substantially reduced.

The next step in the analysis is the quantitative intercomparison of
the electron and proton fluxes as computed by the previously-described
program with the various ionospheric measurements made simultaneously on
the satellite. This step has not yet been accomplished since the correct
satellite orbital elements which are to be supplied by the Air Force have

not been received for rcvolutions below 389,

The ephemeris program routinely used in conjunction with the data
analysis makes use of the inertial coordinates provided on an hourly basis
by ENT Air Force Base, Colorado. The program represents a modification of
one previously written at IMSC. In addition to providing the geographic
coordinates once every ten seconds, several other important quantities are
computed. Subroutines are incorporated for calculating various quantities
relating to the earth's magnetic field: B,L, the invariant latitude, KMin’
altitude of the conjugate point, and the auroral time. For a typical orbit
acquisition approximately two to three minutes of 1108 computer time is

reguired.

After the ephemeris is penerated for a given orbit, certain tests ure
routivnely performed to verify its validity. In one of the mose useful of
these checks, the current outputs of the solar cell arrays are compared with
the times of transition from lightness to darkness, as calculated in the
ephemeris program. This test can be performed to an accuracy of 3 to 5
seconds. Additional information on the onset times of lightness and dark-
ness is obtained from the solar sensars. Another validity check involves
comparisons between the magnetic field strengths neasured with the magnet-
ometer and those calculated from the meographic position and the earth's
magnetic field model. This technique will readily indicate the existernce
of larie errors in the cphemeris but, is not comprtitive with the lipht
sennors in rosard to accurucy. The response of the FRM instrument, Lo Lhe
Tour crogssines of the outer radiation hell on enach orbil, nlso serves an an

indication of any irross cphemeris errorc.
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A u result of the lorepoing Lests it wus discovered that Lhe cphemeris
values supplied by ENT Air Force Base were in serious error for the first 388
orbits. For example, on crbit 388 the light sensor indicated a time equiva-
lent error of 125 seconds. Upon further checking, a sudden step function in
the satellite position, as derived from the ephemeris cards supplied by ENT,
was uncovered. It is now generally agreed that the tracking data used were
for another object near the OV1-18 satellite. Accordingly, for the last six
months personnel at ENT have been trying without success to generate a correct
ephemeris for the first 388 orbits. As a result of their difficulties, attempts
arc now being made at IMSC to run valid ephemeris for orbits greater thun 388
"backward" in time for about 20 days to cover the carlier orhits.

Recently, the accuracy of the ephemeris has becn tested for revolution
6007 by comparing the calculated positions with those measured with rudar
techniques by Dr. A. Freed at Lincoln Laboratory, Massachusetts Institute of
Technology. The calculated and measured positions were found to agree within

five kilometers.

As originally designed, all of the charged particle detectors were to
maintain a constant orientation with respect to the zenith and the vehicle
velocity direction. Under these conditions the detector orientation with
respect to the local magnetic field direction would be readily calculable
from established magnetic field models and the satellite ephemeris. However,
because of the failure of the gravity-gradient stabilization system and the
resultant tumbling of the vehicle, the detector orientations must be cal-
culated from the on-board magnetometer measurements. The calculated orientu-
tion of the instruments is very sensitive to the corrections t.o th. meusured
field which must be applied because of vehicle fierlds. Il one asswnes tLhal,
the vector offset field is constant in the frame of the sutellite, it cun he
determined by comparing the measured field with the ficld expected on the
basis of established field models. If we define the quantities

Model field
Measured field

= By-B

Bo
B,
A
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un offset finld will show up as & quasi-periodic modulation of AB with a
period equal to the spin period of the satellite. This is clearly demon-
strated in Figure 4.8. The modulation is not a simple sinusoidal function
because the vector orientation of the vehicle offset field and the geomag-

netic fiecld varies in a complex way as the satellite tumbles.

If one assumes a possible vehiclc offset field with vector components -Cj
wherc , deonted the coordinate axis and an error in the calibration scale
factor of (A?-l) for each axis, we can relate the true (model) field B, to

J
the measured field bj in the following way.

Bj(t) = Aj[bj(t) + cj]
If the vehicle orientation were independently known, one could calculate
Bj(t) from the model and evaluate Cj and Aj from a best fit. However, with-
out, prior knowledge of the vehicle orientation we must base our corrections

on the discrepancy in the total field.

ps

LU

B(t) = (Af[bl(t)mlf + Af[b2<t)+c23"f+A32[b3<+.)+c312)

To evaluate C;, we first choose cases where b?(ti) = b3(ti) = 0, in which cusc

we can write
1
AC 2 AC 211°
2 2 272 373
i 1 ‘11 Al b11+°1 Al bli+cl

where we have used the notation B(ti) = B, and bl(ti) = bli'
to be the case, the corrections are small compared with the total field, we

If, as is shown
can drop the sccond order terms and obtain

By = Ay(by; +Cp).

From Lwo such cases, one where bli > 0 and the olher where b < Oy we

1k
have

ha1l
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B, = =-Aj(bj*C)) = Al(lblkl-cl)
By = A(bcy) .
Then
By + By
A =
1
byg * logl
. o = By lbyl - By
1 B, +B *
i k

Similar recsults obtained for A2,C2 and A3,C
bl = b3 = 0 and bl = b2 = 0, respectively.

A statistical analysis of all available data for these cases lead to

by choosing suitable cuses where

3

the following results.

CR = =19 mG
CV = -8mGe
CZ = -9 nmG

%:%:%:L%

Fijure 4.9 is the same data chown in Fifrure 4.8 after correcting for the
oftset field, bul noli applyins the scule fuctor. The gsolid line shows where
the zero line would be iI' a scale correction A = 1,025 were applied to the
data., It is obvious that the periodic modulution hus been eliminated. The
remaining scatter results primarily {rom the finite resolution of the tele-

metry system and general noise.

The analysis of the ion density has not et present been undertaken other
than to verify the proper operation of the IEA instrument and to demonstrate
that sipnificant horizontal ion gradients do exist in the iorospherc. A typ-

ical portion of these results are shown in Figure 3.2 and has been described
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in an earlier secetions The detuiled anulysis of the ion density requires
accurale intformation us Lo the orientation of the ucensor clements to the
direction of the velocity vector. Al present the attitude-orhit Informu-
tion has not bheen cupplied by the Air Force. As the attitude data becomes
available the processing of the ion density data will proceed.

As has been indicuated, the vehicle did not achieve even the predicted
two-axes stabilization and was in a variable period tumbling mode. This
vehicle motion will significantly complicate the analysis of the ion density
and the ion temperature.

The analysis of the electron density and temperature data from the cylin-
drical Langmuir probe is much less dependent upon the vehicle orientation.
Consequently, some progress has been made toward the electron density and
temperature analysis on a first-look basis. The tumbling mode of the vehicle
will, however, affect the electron density and temperature analysis in that
for certain periods the probe will be in the wake of the vehicle. While in
the wake, the electron density measured by the probe is not zimply related
to the undisturbed electron density. Consequently, the orientation of the
vehicle must be known to insure proper interpretation of the electron data.

Preliminary analysis of EEA data has revealed several interesting results,
particularly with regard to the fluxes of electrons in the energy range 0-10 eV,
Fipure 4,10 illustrates two energy spectra recorded at night, one in the equa-
torial region and the other in the auroral region. The large fluxes of elec-
trons at night with energy in the 0-2, 2-4 and 4-8 eV range at the equatorial
region are unexpected. A plausible source of excitation for such large fluxes
is not known at present. These fluxes of electrons may contribute to the
stable red arcs observed from ground stations during the same general period.

The value of the data is somewhat decreased and the difficulty of anal-
ysis increaged by the tumbling of the spacecraft. The sensors were optimally
oriented with respect to the planned stable orientation of' the space platform,

However, sirnificant resulis are still expected.,
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Section 5

SUMMARY AND CONCLUSIONS

The principle conclusion is that in spite of the failure of the satellite
to achieve orientation, all of the instruments provided some high-quality date
and a large body of data has been acquired that promises to yield significant
results on the systematic relationships between the ionospheric structure at
this altitude and the input energy in the form of particle fluxes. The Lang-
muir probe functioned well throughout the experiment and the Ion Energy Anal-
yzer functioned well during the first 225 orbits. They have demonstrated
that ionospheric structure is observed and is significant at this altitude
and have provided a body of data sufficient for a detulled intercomparison
with the particle detectors. The failure of the vehicle to uchieve stabili-
zation has complicated the analyses and the delay in obtaining good ephemeris
data for the period prior to orbit 388 has resulted in a delay in the analysis
of the ion and electron density results since detailed attitude information
is required for the interpretation of the data.

Substantial progress in the analysis of the particle data has been
achieved in spite of the added complications due to the vehicle tumble. A
series of computer programs has been written, the successful performances
of the instruments has been established, and detailed surveys of the parti-
cle fluxes for some of the early orbits has been performed. We are confident
that the intercomparison of these fluxes with the ionospheric structure results
when they become available will yield new insipht into the causes of ionospheric
structures in this altitude repime,
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